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INTRODUCTION : 
This  is a progress  r e p o r t  f o r  t h e  work carried o u t  
during t h e  f i rs t  20 months of support  by NASA Grant NGR 05-020-305, 
"Evaluation of t h e  Cardiovascular System During Various C i rcu la to ry  
Stresses". The p resen t  r e p o r t  summarizes t h e  work c a r r i e d  o u t  
from June 1, 1969 t o  May 30, 1970. During t h i s  pe r iod  of t i m e ,  
many of t h e  p r o j e c t s  which w e r e  begun during the  f i r s t  8 months 
of g r a n t  support  w e r e  completed. Although these  w e r e  f i r s t  
described i n  t h e  i n i t i a l  progress  r e p o r t  of June 1, 1969, the  
d e t a i l s  of t he  completed r e p o r t s  and t h e  published papers  from 
these  a c t i v i t i e s  w i l l  be l i s ted  i n  the  p re sen t  progress  r epor t .  
S tud ie s  u t i l i z i n g  animals w e r e  c a r r i e d  o u t  both a t  
S tanford  and a t  t h e  AMES Research Center i n s t a l l a t i o n  a t  
Moffet t  Field.  A l l  human s t u d i e s  performed with t h e  support  of 
t h i s  g r a n t  w e r e  c a r r i e d  o u t  a t  S tanford  Universi ty  School of 
Medicine. The s p e c i f i c  purpose of t h i s  r e p o r t  i s  t o  describe 
animal s t u d i e s  and human s t u d i e s  which have been i n i t i a t e d  during 
the  p a s t  year ,  A complete bibl iography l i s t i n g  t h e  a b s t r a c t s ,  f u l l  
l ength  manuscripts, and p resen ta t ions  a t  n a t i o n a l  or i n t e r n a t i o n a l  
Meetings of t h e  research  supported by t h i s  g r a n t  are o u t l i n e d  
i n  t h e  f i n a l  s e c t i o n  of t h i s  r epor t .  
I 
A. Proqress w i t h  S tudies  i n  Experimental Animals 
Severa l  groups of animal s t u d i e s  w e r e  performed during the  
p a s t  year .  I n  addi t ion ,  a number of new s t u d i e s  w e r e  r e c e n t l y  
i n i t i a t e d  and although n o t  completed a t  the  p re sen t  t i m e ,  s i g n i f i c a n t  
p rogres s  has been made a n d . w i l l  be repor ted .  
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I. S tud ie s  i n  Proqress  i n  1969 and Completed During t h e  
Present  Grant Period. 
(1) S tud ie s  with a myocardial i n f a r c t i o n  model, An acute  
myocardial i n f a r c t i o n  experimental  model has been developed. The 
use of high f i d e l i t y  p re s su re  t ransducers  and electromagnet ic  f l o w  
t ransducers  allo.%i the  recording of p r e s s u r e s  and f l o w s  and t h e  
c a l c u l a t i o n  of a number of c i r c u l a t o r y  v a r i a b l e s  such as pe r iphe ra l  
r e s i s t a n c e ,  pulmonary r e s i s t a n c e  and the mechanism by which 
v e n t r i c l e s  develop p res su re  i n  animals subjec ted  t o  coronary 
l i g a t i o n  following acute  myocardial i n f a r c t i o n .  The degree of 
i n f a r c t i o n  can be e s t a b l i s h e d  by both t h e  hemodynamic changes noted 
and by i n j e c t i n g  t h e  coronary a r t e r i e s  of t h e  h e a r t s  a f t e r  they a r e  
f ixed  i n  a postmortem condi t ion  t o  determine the  p a r t s  n o t  rece iv ing  
per fus ion  from t h e  coronary a r t e r i e s .  A f t e r  much i n i t i a l  
i nves t iga t ion ,  a s t a b l e  model has been perfected.  The c i rcumflex 
coronary a r t e r y  is  l i g a t e d  and s e v e r a l  l a r g e  branches of t h e  
a n t e r i o r  descending coronary a r t e r y  l a t e r a l  t o  the  septum are l iga ted  
I n  t h i s  model, t h e r e  is a reduct ion of ca rd iac  output ,  a decrease 
i n  t h e  r a t e  a t  which v e n t r i c u l a r  p re s su re  develops and inc rease  i n  
h e a r t  rate and an e l e v a t i o n  of l e f t  a t r i a l  and l e f t  v e n t r i c u l a r  end- 
d i a s t o l i c  pressure .  A f t e r  approximately one hour, these  animal 
I 
prepara t ions  develop a s t a b l e  hemodynamic p a t t e r n  which does no t  
change over a pe r iod  of s e v e r a l  hours, as long as  t h e  a r t e r i a l  Ph, 
PO2, and PC02 a r e  r egu la t ed  wi th in  normal l i m i t s .  
I n  animal models of t h i s  type, s e v e r a l  s t u d i e s  have 
been c a r r i e d  o u t  t o  i n v e s t i g a t e  t h e  effects of drugs on t h e  
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depressed c i r c u l a t i o n  produced by acute  myocardial i n f a r c t i o n ,  
These s t u d i e s  are of  important c l i n i c a l  re levance s i n c e  t h e  
c i r c u l a t o r y  f a i l u r e  occurr ing  i n  acute  myocardial i n f a r c t i o n  is one 
of t h e  m o s t  common problems fac ing  c a r d i o l o g i s t s  today. An 
understanding o f  t h e  c i r c u l a t o r y  e f f e c t s  of t h e s e  important drugs 
i n  a p repa ra t ion  where t h e  degree of myocardial i n f a r c t i o n  can be 
quan t i t a t ed ,  is no t  p o s s i b l e  i n  p a t i e n t s  a t  t h e  p re sen t  t i m e .  
Thus, an experimental  model of t h i s  type provides important i n s i g h t  
i n t o  t h e  c i r c u l a t o r y  e f f e c t s  of t hese  drugs. 
During t h e  p a s t  year ,  t h r e e  types of s t u d i e s  w e r e  
comple t ed . 
A. Dopamine S tud ie s  - Dopamine is  a n a t u r a l l y  occurr ing  
catecholamine which is  a precursor  i n  t h e  syn thes i s  of  t h e  normal 
neuro t ransmi t te r  substance,  norepinephrine.  I t  has been shown t o  
have important c i r c u l a t o r y  e f f e c t s  i n  normal animals i n  t h a t  
it increases  c a r d i a c  output ,  i nc reases  t h e  r a t e  a t  which t h e  l e f t  
v e n t r i c l e  develops pressure ,  decreases  t h e  l e f t  a t r i a l  p re s su re  and 
decreases systemic vascular  r e s i s t a n c e  when given i n  small  amounts. 
It  has l i t t l e  effect  on a r t e r i a l  p re s su re  and h e a r t  r a t e  when given 
i n  small  doses. The c i r c u l a t o r y  effects of t h i s  drug w e r e  s t u d i e d  
’ 
i n  normal animals be fo re  t h e  product ion of acute  myocardial 
i n f a r c t i o n  and i t s  c i r c u l a t o r y  e f f e c t s  quan t i t a t ed .  I n f a r c t i o n  of 
37% of t h e  l e f t  v e n t r i c l e  w a s  produced by l i g a t i o n  of t h e  c i rcumflex 
and a n t e r i o r  descending coronary a r t e r i e s ,  One hour a f t e r  l i g a t i o n  
t h e r e  w e r e  s i g n i f i c a n t  increases  i n  l e f t  v e n t r i c u l a r  and d i a s t o l i c  
pressure ,  l e f t  a t r i a l  p re s su re  and he.art r a t e .  The ca rd iac  ou tpu t  
was reduced t o  one-half of c o n t r o l  (p re - in fa rc t ion )  and t h e  l e f t  
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ven t r i cu la r  dp/dt w a s  markedly depressed. Following chal lenges 
with volume in fus ion  t o  determine the  q u a n t i t a t i v e  reduct ion  i n  t h e  
response of t h e  c i r c u l a t i o n ,  t he  hemodynamic response t o  Dopamine 
given i n  the  same dose as  t h a t  p r i o r  t o  acute  myocardial i n f a r c t i o n  
was compared with i t s  effects i n  t h e  same animal. Dopamine in fus ion  
re turned  t h e  ca rd iac  output  t o  near normal l eve l s .  L e f t  v e n t r i c u l a r  
end-d ias to l ic  p re s su re  and l e f t  a t r i a l  p re s su re  a l l  decreased. The 
l e f t  v e n t r i c u l a r  dp/dt was markedly e l eva ted  t o  l e v e l s  approaching 
those observed i n  con t ro l  s tud ie s .  Systemic vascular  r e s i s t a n c e  w a s  
decreased, while ar ter ia l  p re s su re  d id  no t  change s i g n i f i c a n t l y .  
These s t u d i e s  suggested t h a t  dopamine is an exce l l en t  agent f o r  t h e  
t reatment  of seve re ly  depressed ca rd iac  func t ion  following acute  
myocardial i n fa rc t ion .  I t s  c i r c u l a t o r y  ac t ions  r ep resen t  improvements 
over t h e  ac t ion  of o the r  catecholamines f o r  t h e  t reatment  of t h i s  
condi t ion.  For t hese  reasons dopamine has now been introduced for 
use i n  t h e  t reatment  of p a t i e n t s  i n  the  Coronary C a r e  Unit  a t  
S tanford  Univers i ty  School of Medicine following acute  myocardial 
i n f a r c t i o n ,  
Although t h e  p a t i e n t  s t u d i e s  are f e w  a t  t he  p re sen t  t i m e ,  
I t h e  drug has g r e a t l y  bene f i t ed  seve ra l  of these p a t i e n t s  and i n  
three p a r t i c u l a r  p a t i e n t s  has allowed the i r  su rv iva l  u n t i l  a donor 
h e a r t  could be obtained and ca rd iac  t r ansp lan ta t ion  c a r r i e d  out.  
During t h e  next  two years ,  t he  c i r c u l a t o r y  effects of dopamine i n  man 
w i l l  be determined u t i l i z i n g  t h e  microtransducer systems developed 
by IDES Research Laboratory and tested i n  a program supported by 
t h i s  g ran t ,  These s t u d i e s  a r e  p re sen t ly  being i n i t i a t e d  and w i l l  
be descr ibed i n  g r e a t e r  d e t a i l  i n  next  y e a r ' s  progress  r epor t .  
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B. Lidocaine S tud ie s  - Lidocaine is t h e  most f r equen t ly  
used ant iarrhythmic drug i n  p a t i e n t s  w i t h  acute  myocardial i n fa rc t ion .  
Although i ts  c i r c u l a t o r y  effect  has been s tud ied  i n  a l a r g e  number of 
animal p repa ra t ions  and i n  man, f e w  s t u d i e s  have attempted t o  
q u a n t i t a t e  i ts  ac t ion  on t h e  heart and c i r c u l a t i o n  following acu te  
myocardial i n fa rc t ion .  A series of s t u d i e s  was performed i n  22 
anes the t ized  dogs w i t h  acute  myocardial i n f a r c t i o n  u t i l i z i n g  both 
a s i n g l e  i n j e c t i o n  of Lidocaine and a t  s eve ra l  l e v e l s  of i n fus ion  
of Lidocaine up t o  200 qgm per  Kg. per  min. These doses are 
comparable t o  t h e  l a r g e s t  doses used i n  t h e  t reatment  of acute  
myocardial i n f a r c t i o n  i n  man. This s tudy provided i n s i g h t  i n t o  t h e  
c i r c u l a t o r y  effects of t h i s  drug i n  the damaged c i r c u l a t i o n  and 
although i ts  r e s u l t s  cannot be ex t r apo la t ed  d i r e c t l y  t o  p a t i e n t  
care ,  s eve ra l  of them seem app l i cab le  and suggest  f u r t h e r  s t u d i e s  
i n  man. 
Both p r i o r  t o  and a f t e r  production of acute  myocardial 
i n f a r c t i o n  by coronary a r t e r y  l i g a t i o n ,  Lidocaine given by in fus ion  
produced no s t a t i s t i c a l  change i n  l e f t  v e n t r i c u l a r  end-d ia s to l i c  
pressure ,  ca rd iac  output,  l e f t  v e n t r i c u l a r  dp/dt, a r t e r i a l  p ressure ,  or 
per iphe ra l  vascular  r e s i s t ance .  However, a s i n g l e  bolus  of Lidocaine, 
I 
5 mg/kg, given be fo re  myocardial i n f a r c t i o n  produced t r a n s i e n t  b u t  
s i g n i f i c a n t  decreases  i n  a r t e r i a l  p ressure ,  h e a r t  rate, lef t  
v e n t r i c u l a r  dp/dt, ca rd iac  ou tpu t  and l e f t  a t r i a l  p ressure .  The 
dura t ion  of these changes was less than f i v e  minutes and during a 
one hour followup per iod,  no f u r t h e r  changes occurred. Following 
coronary a r t e r y  l i g a t i o n  and acute  myocardial i n f a r c t i o n  i n  dogs, t h e  
i n j e c t i o n  of Lidocaine i n  the  same dose r e s u l t e d  i n  s i g n i f i c a n t l y  
g r e a t e r  depress ions  i n  a r t e r i a l  p re s su re ,  l e f t  v e n t r i c u l a r  dp/dt 
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and ca rd iac  output .  A t  t h i s  t i m e ,  t h e r e  w e r e  e l eva t ions  of l e f t  
a t r i a l  p re s su re  and l e f t  v e n t r i c u l a r  end-d ias to l ic  p r e s s u r e  which 
w e r e  n o t  observed i n  t h e  animals given Lidocaine as a s i n g l e  
i n j e c t i o n  p r i o r  t o  myocardial i n f a r c t i o n .  The du ra t ion  of t h e s e  
depressions i n  t h e  performance of t h e  heart w a s  also s i g n i f i c a n t l y  
longer than p r i o r  t o  myocardial i n f a r c t i o n .  
The r e s u l t s  of t h e s e  experiments suggested t h a t  i n fus ions  
of Lidocaine i n  c l i n i c a l l y  appl icable  doses does n o t  s i g n i f i c a n t l y  
a l t e r  c a r d i a c  performance either i n  t h e  normal or seve re ly  
compromised h e a r t .  However, l a r g e  s i n g l e  i n j e c t i o n s  may depress  
even t h e  normal h e a r t  func t ion  and c e r t a i n l y  produces profound 
and prolonged depressions and c i r c u l a t o r y  impairment, a f t e r  acute  
myocardial i n f a r c t i o n .  For these reasons,  it seems l i k e l y  t h a t  
Lidocaine should be used by in fus ion  whenever p o s s i b l e  and t h a t  if 
it i s  given as a s i n g l e  i n j e c t i o n  t h e  dose l e v e l  should be markedly 
reduced. W e  have recommended these  changes i n  p ro toco l  f o r  using 
Lidocaine i n  t h e  Coronary Care Unit  a t  S tanford  and they are 
p r e s e n t l y  being implemented. 
C, Morphine S tud ie s  - Morphine s u l f a t e  is t h e  m o s t  
commonly used ana lges ic  agent f o r  r e l i e v i n g  t h e  pa in  of acute  
myocardial i n f a r c t i o n .  The effect  of t h i s  drug has been evaluated 
i n  animals and i n  man with normal h e a r t s .  Our s t u d i e s  attempted t o  
eva lua te  t h e  effects of morphine i n  acute  myocardial i n f a r c t i o n  
when the  card iovascular  performance w a s  severe ly  impaired. Twenty- 
t h r e e  animal s t u d i e s  w e r e  c a r r i e d  o u t  using instrumentat ion as  
descr ibed  above. Morphine w a s  i n j e c t e d  in t ravenous ly  i n t o  a series 
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of normal dogs and i n  1 2  dogs with 32% i n f a r c t i o n  of t h e  l e f t  
v e n t r i c l e .  I n  t h e  con t ro l  animals t h e  i n j e c t i o n  of morphine 
produced a decrease i n  h e a r t  r a t e  and e a r l y  decrease i n  l e f t  
ven t r i cu la r  dp/dt which w a s  followed by an e leva ted  l e f t  v e n t r i c u l a r  
dp/dt a t  f i v e  minutes. There is an i n i t i a l  decrease i n  ca rd iac  
output  followed by sus t a ined  increase .  These changes w e r e  i n t e r p r e t e d  
as showing an i n i t i a l  pe r iphe ra l  pool ing of blood followed by 
ac t iva t ion  of t h e  sympathetic nervous system and r e s t o r a t i o n  of 
card iovascular  performance t o  l e v e l s  above cont ro l .  I n  t h e  animals 
s tud ied  following acute  myocardial i n f a r c t i o n  the  q u a l i t a t i v e  
changes produced by morphine w e r e  s i m i l a r .  However, t h e  i n i t i a l  
c i r c u l a t o r y  depression and pe r iphe ra l  vasod i l a t a t ion  appeared more 
severe i n  t h e  animals following acute  myocardial i n f a r c t i o n  and 
sus t a ined  increases  i n  ca rd iac  output ,  l e f t  v e n t r i c u l a r  dp/dt d id  
not  occur i n  t h e  damaged hea r t s .  
These s t u d i e s  suggested t h a t  adminis t ra t ion  of morphine 
t o  p a t i e n t s  with acute  myocardial i n f a r c t i o n  could r e s u l t  i n  
f u r t h e r  c i r c u l a t o r y  depression when a seve re ly  damaged h e a r t  w a s  
p resent .  For t h i s  reason, we have i n s t i t u t e d  t h e  c i r c u l a t o r y  
e f f e c t s  of o the r  important ana lges ic  drugs. A t  t h e  p re sen t  t i m e ,  
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t he  use of ana lges i c  drugs i n  p a t i e n t s  following acute  myocardial 
i n f a r c t i o n  is being s tud ied  i n  our Coronary Care Unit  a t  S tanford  
Univers i ty  School of Medicine with an i n t e n t  t o  document t h e  
f ind ings  noted i n  these  animal s tud ie s .  I f ,  indeed, a more po ten t  
and less depressing ana lges ic  drug can be found i ts  use w i l l  be 
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i n s t i t u t e d  i n t o  t h e  Coronary C a r e  Unit. 
11, Stud ies  Bequn I n  1969-1970 
I n  anes the t ized  animals s eve ra l  types of s tud ie s  w e r e  
c a r r i e d  out  during t h i s  year., All of these s t u d i e s  have no t  been 
completed and t h i s  i n i t i a l  summary w i l l  provide only pre l iminary  
r e s u l t s  of these s tud ie s ,  
(1) The effects of d i q i t a l i s  qlycosides  i n  experimental  
myocardial i n f a r c t i o n .  D i g i t a l i s  glycosides  a re  f r equen t ly  
administered t o  p a t i e n t s  following acute  myocardial i n fa rc t ion .  
Although much is known about t he  ac t ion  of these drugs from animal 
and human s t u d i e s  w i t h  normal h e a r t s  and those damaged by chronic  
processes  such as rheumatic h e a r t  d i sease  and hypertension, l i t t l e  
is known about t he  c i r c u l a t o r y  effects of d i g i t a l i s  i n  expermental 
myocardial i n f a r c t i o n .  For t h i s  reason, the  myocardial i n f a r c t i o n  
model descr ibed i n  previous s t u d i e s  was u t i l i z e d  f o r  eva lua t ing  
t h e  c i r c u l a t o r y  effects of acute  d i g i t a l i z a t i o n  following 
myocardial i n fa rc t ion .  I n  a series of animals, acu te  myocardial 
I i n f a r c t i o n  w a s  produced by coronary a r t e r y  l i g a t i o n  t o  produce 
i n f a r c t i o n  of 28% of t h e  l e f t  v e n t r i c u l a r  weight. These animals 
w e r e  instrumented f o r  p re s su re  and flow s tud ie s .  Acetyls t rophanthidi i  
w a s  then infused  cont inuously w h i l e  hemodynamic changes w e r e  
recorded. I n  a s i m i l a r  group of animals without i n fa rc t ion ,  t he  
c i r c u l a t o r y  effect  of ace ty l s t rophan th id in  w a s  a l s o  evaluated.  The 
s p e c i f i c  f ind ings  from 2 3  s t u d i e s  i n  dogs a re  as follows: 
a. Acetylstrophanthidin'produced t o x i c  ca rd iac  
arrhythmias more r e a d i l y  i n  the  dogs with acute  
mvocardial i n f a r c t i o n  even though t h e  a r t e r i a l  
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oxygen tension,  pH, and PC02 w e r e  maintained 
wi th in  normal l i m i t s .  Th i r ty  pe rcen t  less 
ace ty l s t rophan th id in  was requi red  t o  produce 
v e n t r i c u l a r  tachycardia ,  a t o x i c  d i g i t a l i s -  
induced arrhythmia, i n  these animals. 
b. Acetyls t rophanth id in  produced increased  pe r iphe ra l  
vascular  r e s i s t a n c e  w i t h  no inc rease  i n  ca rd iac  
ou tpu t  or l e f t  v e n t r i c u l a r  dp/dt. L e f t  a t r i a l  
p re s su re  w a s  s i g n i f i c a n t l y  elevated and cardiac 
performance curves w e r e  depressed. 
c. The c i r c u l a t o r y  effects of ace ty l s t rophan th id in  
w e r e  p re sen t  by t h e  t i m e  a 50% t o x i c  dose had been 
administered and t h i s  w a s  not  changed by t h e  
adminis t ra t ion  of 80% of t h e  t o x i c  dose or of a f u l l  
t o x i c  dose. 
The i n t e r p r e t a t i o n  of these s tud ie s  is important f o r  
understanding t h e  c i r c u l a t o r y  effects of d i g i t a l i s  glycosides  i n  
p a t i e n t s  with acute  myocardial i n fa rc t ion .  Clear ly  t h e  drug 
p resen t s  more t o x i c  hazards i n  t h e  damaged c i r cu la t ion .  The c e l l u l a r  
mechanisms f o r  t h i s  increased t o x i c i t y  are not  understood a t  t h e  
p re sen t  t i m e ,  b u t  o the r  s t u d i e s  i n  our l abora to ry  u t i l i z i n g  
r ad ioac t ive  d i g i t a l i s  a r e  i n  progress  i n  an attempt t o  determine 
i f  there a re  a l t e r a t i o n s  i n  the uptake and binding of t he  drug. The 
d i g i t a l i s  glycoside used i n  these s t u d i e s  caused pe r iphe ra l  
vasocons t r i c t ion  and increased  t h e  a f t e r l o a d  or work requi red  of an 
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a l ready  damaged hea r t .  The h e a r t  w a s  n o t  ab le  t o  respond t o  t h i s  
by improving i t s  performance and thus  the  l e f t  a t r i a l  and l e f t  
v e n t r i c u l a r  end-d ias to l ic  pressures  rose, t h e  c a r d i a c  ou tpu t  was  
f u r t h e r  depressed and there was an o v e r a l l  d e t e r i o r a t i o n  i n  
ca rd iac  function. F ina l ly ,  it appears t h a t  t h e  c i r c u l a t o r y  
effects of d ig i ta l i s  can be observed a f t e r  50% of t he  t o x i c  dose 
is  administered. T h i s  i s  a t  var iance w i t h  t h e  commonly he ld  
belief t h a t  the  adminis t ra t ion  of d i g i t a l i s  glycosides  t o  l e v e l s  
near t o x i c i t y  a r e  requi red  t o  produce c i r c u l a t o r y  effects. 
On the b a s i s  of t h i s  study, we have recommended t h a t  
d i g i t a l i s  glycosides  no t  be used i n  t h e  c i r c u l a t o r y  depression 
following acute  myocardial i n f a r c t i o n .  Perhaps i f  t he  c i r c u l a t o r y  
depression persists f o r  s e v e r a l  days and there is some recovery 
of ca rd iac  funct ion,  t h e  drug may then be used w i t h  b e n e f i c i a l  
effects. The toxic hazards of t h e  drug and i ts  f a i l u r e  t o  produce 
improvement i n  t h e  c i r c u l a t i o n  should preclude i ts  use i n  t h e  
coronary ca re  u n i t  following acute  myocardial i n f a r c t i o n  i n  our 
, opinion. W e  have i n s t i t u t e d  t h i s  p a t t e r n  of u t i l i z a t i o n  i n  t h e  
Coronary Care Unit  a t  Stanford,  
(2)  An Evaluat ion of Factors Which R e l a t e  t o  Measurement 
of t h e  L e f t  Ven t r i cu la r  dp/dt. Review of our u t i l i z a t i o n  of t h e  
l e f t  v e n t r i c u l a r  dp/dt a s  a measure of ca rd iac  c o n t r a c t i l i t y  has 
demonstrated s e v e r a l  important problems. The recording of a dp/dt 
of high frequency is important for reproducible  r e s u l t s .  I n  
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addi t ion,  t h e  f i l l i n g  p res su re  or volume of t h e  l e f t  v e n t r i c l e  and 
t h e  ar ter ia l  p re s su re  or a f t e r l o a d  t h a t  t h e  l e f t  v e n t r i c l e  is  
fac ing  a re \  important determinants of t h e  absolu te  l e v e l  of  dp/dt 
recorded. I t  has also been suggested t h a t  h e a r t  rate changes may 
a l so  a l ter  t h e  recording of dp/dt. However, it i s  w e l l  known t h a t  
changes i n  h e a r t  ra te  do induce an i n o t r o p i c  effect  and whether or 
no t  t h e  dp/dt follows t h i s  i no t rop ic  effect  accura te ly  is open t o  
ques t  ion. 
During t h e  p a s t  year ,  we have evaluated t h e  effects of 
changes i n  h e a r t  r a t e  on recorded l e f t  v e n t r i c u l a r  dp/dt. I t  is 
our view t h a t  t h e  inc rease  i n  dp/dt recorded under c e r t a i n  
circumstances with changes i n  h e a r t  r a t e  r e a l l y  r ep resen t s  a change 
i n  c o n t r a c t i l i t y .  Secondly, t h e  frequency response a t  which l e f t  
v e n t r i c u l a r  pressures  and l e f t  v e n t r i c u l a r  dp/dt must be recorded 
i n  order  t o  o b t a i n  q u a n t i t a t i v e  r e s u l t s  is  c r i t i c a l .  W e  have 
evaluated t h e  frequency of these recordings f r o m  10 cyc les  per  
second t o  200 cyc le s  per  second. There a r e  c l e a r  q u a n t i t a t i v e  
d i f f e rences  i f  recordings below a frequency of 50 per  second a re  
used. W e  a r e  a t  p r e s e n t  attempting t o  s tandard ize  our recording 
’ devices f o r  measuring dp/dt i n  animals. W e  a r e  a l s o  eva lua t ing  
changes i n  a r t e r i a l  p re s su re  or a f t e r l o a d  as they relate t o  t h e  
recording of accura te  dp/dt i n  our laboratory.  These s t u d i e s  a r e  
a l l  i n  a prel iminary s t a g e  and w i l l  be completed during t h e  following 
two years .  
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( 3 )  U t i l i z a t i o n  of Mul t ip le  Flow Transducers for 
Recording t h e  D i s t r i b u t i o n  of Cardiac Output. During t h e  past 
year a number of animals have been equipped w i t h  up t o  s i x  flow 
transducers  on l a r g e  blood vesse l s .  I n  animals so instrumented, 
it is  p a r t i c u l a r l y  important t o  record t h e  t o t a l  ca rd iac  output  
and t h e  d i s t r i b u t i o n  of flow t o  t h e  head, t h e  abdominal v i sce ra ,  
t h e  kidneys, t h e  s k e l e t a l  muscle i n  t h e  extremities and t o  t h e  
coronary a r t e r i e s .  U t i l i z i n g  t h e s e  prepara t ions ,  it has been 
p o s s i b l e  t o  q u a n t i t a t e  t h e  l e v e l  of flow to  a l l  of these areas  
i n  normal animals. These values  agree i n  genera l  w i t h  t h e  values  
obtained by t h e  i n j e c t i o n  of r a d i o a c t i v e l y  labe led  microspheres. 
One of t h e  p r o j e c t s  planned f o r  t h i s  type of p repa ra t ion  is  t o  
eva lua te  t h e  e f f e c t s  of a hos t  of pharmacologic agents on the  
d i s t r i b u t i o n  of ca rd iac  output .  The effects of adrenergic  blockage 
and adrenergic  s t imu la t ion  a r e  two of t h e  f i r s t  p r o j e c t s  planned. 
These have been i n i t i a t e d  i n  a l imi t ed  manner during t h e  p a s t  three 
months 
(4) The C i rcu la to ry  E f f e c t s  of Myocardial I n f a r c t i o n  i n  
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Unanesthetized D o q s .  An attempt t o  u t i l i z e  unanesthet ized dogs t o  
determine t h e  effects of anes thes ia  on t h e  c i r c u l a t o r y  response t o  
stress i s  now i n  progress  i n  our  labora tory .  During t h e  past three 
months, 16  animals have been equipped w i t h  ameroids around t h e i r  
coronary a r t e r i e s  so t h a t  gradual  occ lus ion  of t h e  coronary 
a r t e r y  w i l l  occur over a pe r iod  of s i x  weeks. These animals a r e  
i n  t h e  process  of developing acute  myocardial i n f a r c t i o n  and four  
animals  have thus  f a r  developed documented acu te  myocardial 
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i n f a r c t i o n  as  demonstrated by changes i n  serum enzymes and changes 
i n  their electrocardiograms. Once myocardial i n f a r c t i o n  has been 
produced, these animals w i l l  be instrumented f o r  t h e  s tudy of drugs 
i n  an unanesthet ized s t a t e ,  This  s tudy i s  i n  an e a r l y  formative 
per iod  and awaits t h e  development of acute  myocardial i n f a r c t i o n  
- 
by most of the  animals prepared. 
During t h e  coming year ,  many of t he  s t u d i e s  t o  be 
c a r r i e d  ou t  i n  t h i s  l abora to ry  w i l l  be carried ou t  i n  unanesthet ized 
animals. S tud ie s  by D r .  Sandler  and h i s  col leagues have 
demonstrated t h a t  t h e  con t r ac t ion  p a t t e r n  of t h e  h e a r t  during 
anes thes i a  and during open chest s t u d i e s  i s  q u a n t i t a t i v e l y  and 
q u a l i t a t i v e l y  d i f f e r e n t  from the con t rac t ion  p a t t e r n  of t h e  h e a r t  
i n  t h e  anes the t ized  s t a t e .  For t h i s  reason, most of t h e  drug 
s tud ie s  r e l a t i n g  t o  acute  myocardial i n f a r c t i o n  and m o s t  of t h e  
s tud ie s  which have been done t o  understand t h e  c i r c u l a t o r y  dynamics 
i n  t he  i n t a c t  animal i n  our l abora to r i e s  w i l l  now be c a r r i e d  out  i n  
animals instrumented f o r  s tudy i n  an unanesthet ized state.  This has  
requi red  t h e  development of a number of microtransducers which can 
be permanently implanted i n  animals. I n  a s soc ia t ion  w i t h  t h e  
I 
e l e c t r o n i c s  groups a t  Ames Research Center and with D r .  Sandler ,  a 
number of such t ransducers  have been developed f o r  measuring wal l  
dimensions and v e n t r i c u l a r  volumes i n  animals. Transducers for 
pres su re  recording and flow recording have a l so  been developed and 
are  p re sen t ly  being t e s t ed .  The t e s t i n g  of t hese  t ransducers  i n  
animal models is an important p a r t  of t h i s  p r o j e c t  and w i l l  be 
cont inued  dur ing  t h e  coming year .  It  is a n t i c i p a t e d  t h a t  t h e  
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cooperat ive e f f o r t s  of t h e  group i n  t h e  Biotechnology Divis ion 
a t  Ames and t h e  Cardiology Divison a t  S tanford  w i l l  l e ad  t o  
import an t  advances i n  instrumentat ion? f or studying card iovascular  
stresses on a chronic  basis. 
B. Proqress  i n  Human S tud ie s  
I n  t h e  i n i t i a l  g ran t  pe r iod  1968-1969, very f e w  s t u d i e s  
w e r e  performed i n  human subjec ts .  I n  the  p a s t  year, 1969-1970, 
four specific types of human s t u d i e s  w e r e  performed. I n  some 
ins tances ,  s t u d i e s  w e r e  i n i t i a t e d  and w i l l  continue f o r  s eve ra l  
more yea r s  i n  order to  ob ta in  t h e  specific da ta  needed t o  answer 
t h e  problem. These s t u d i e s  w i l l  be descr ibed i n  de ta i l  below. 
I. Ultrasound S tud ie s  
I n  view of t he  need t o  develop atraumatic  techniques f o r  
s tudying card iovascular  func t ion  i n  man both i n  space and i n  t h e  
s i t u a t i o n  where chronic  monitoring is important, we have concentrated 
our e f f o r t s  on the  eva lua t ion  of u l t rasound f o r  these purposes. 
Although there a re  a number of exce l l en t  instruments f o r  c l i n i c a l  use,  
modif icat ions of t h e  t r ansmi t t i ng  and r ece iv ing  c r y s t a l ,  t h e  
a b i l i t y  t o  manipulate t h e  angle  of t h e  sound beam and be able t o  
determine t h i s  i n  t h r e e  dimensions p rec i se ly ,  an improvement i n  
the  methods f o r  d i sp l ay ing  the  data continuously from ul t rasound 
t ransducers ,  and t h e  c o r r e l a t i o n  of u l t rasound measurements w i t h  
o the r  phys io logica l  parameters r equ i r e  many new inovat ions and 
techniques be fo re  t h e  f u l l  value of applying u l t r a s o n i c  methods t o  
man can be rea l i zed .  Much progress  has been made as  i l l u s t r a t e d  
by t h e  p u b l i c a t i o n s  l is ted i n  Sec t ion  111 of t h e  b ib l iography,  
Two s t u d i e s  have been completed and one o the r  i n i t i a t e d  which is  
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ongoing. 
Ultrasound w a s  used t o  determine v e n t r i c u l a r  dimensions 
along t h e  s h o r t  axis of t he  l e f t  v e n t r i c l e  i n  52 p a t i e n t s ,  By 
appropr ia te ly  d i r e c t i n g  t h e  sound beam, it was p o s s i b l e  t o  determine 
t h e  s h o r t  diameter of t h e  l e f t  v e n t r i c l e  a t  end-diastole  and 
end-systole. Using these  diameters and assuming a p r o l a t e  e l i p s e  
as  t h e  geometric s t ruc tu re '  of t h e  l e f t  v e n t r i c l e  a t  end-systole and 
end-diastole,  it w a s  p o s s i b l e  t o  c a l c u l a t e  end-sys to l ic  and end- 
d i a s t o l i c  volume. Thus, t h e  s t r o k e  volume could be determined and 
mul t ip l i ed  by t h e  h e a r t  ra te  t o  provide t h e  c a r d i a c  output .  These 
techniques w e r e  performed i n  a series of p a t i e n t s  without  va lvu la r  
r e g u r g i t a t i o n  and compared t o  the  cardiac output  determined by 
the  s tandard  Fick method. The  c o r r e l a t i o n  between t h e s e  methods 
allowed t h e  c a l c u l a t i o n  of a r eg res s ion  l i n e  and t h e  app l i ca t ion  
of t h i s  regress ion  l i n e  f o r  determining t r u e  s t r o k e  volume. The re  
was a high degree of c o r r e l a t i o n  between t h e  t w o  methods and t h e  
s t r o k e  volumes determined i n  t h i s  manner. I n  a series of p a t i e n t s  
w i t h  va lvular  r e g u r i t a t i o n ,  t h e  Fick ca rd iac  output  and s t r o k e  
I volumes w e r e  smal le r  than those  determined by ul t rasound,  Thus t h e  
u l t rasound can be used t o  determine r e g u r g i t a n t  volume s i n c e  t h i s  
is n o t  measured by t h e  F ick  c a r d i a c  output .  Thus t h e  u l t rasound 
s t r o k e  volume minus t h e  Fick s t r o k e  volume would g i v e  a t r u e  
r ep resen ta t ion  of r e g u r g i t a n t  volume. This  was ch'ecked i n  a 
q u a l i t a t i v e  manner by comparing t h e  f ind ings  a t  angiography and 
roughly c l a s s i f y i n g  t h e  degree of r e g u r g i t a t i o n  observed and 
comparing it t o  t h a t  c a l c u l a t e d  from'ultrasound, The genera l  
agreement between t h e s e  two methods w a s  s u r p r i s i n g l y  good. 
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Pr ior  t o  using these techniques i n  man with disease states, 
it seems e s s e n t i a l  t o  l e a r n  more about t he  geometry of t h e  con t r ac t ing  
v e n t r i c l e  i n  s p e c i f i c  d i seases  and whether or n o t  a p r o l a t e  e l i p s e  i s  
a t r u e  r ep resen ta t ion  of i t s  shape. S tudies  of t h i s  type are now 
i n  progress  i n  our l abora to ry  u t i l i z i n g  angiographic techniques f o r  
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determining end-sys to l ic  and end-d ia s to l i c  volumes. This r ep resen t s  
a cont inua t ion  of some of t h e  work begun by Dr. Harold Sandler 
several years  ago, t o  determine t h e  dynamic geometry of t h e  human 
l e f t  v e n t r i c l e  i n  h e a l t h  and i n  d isease .  A t  t he  p re sen t  t i m e ,  these 
techniques a re  w e l l  enough developed t o  know t h a t  i n  normal man or 
i n  t h e  nea r ly  normal man, a reasonable  approximation of t h e  s t r o k e  
volume can be given by u l t r a s o n i c  techniques.  
A common d i sease  i n  which there is  obs t ruc t ion  t o  t h e  out f low 
t r a c t  of t h e  l e f t  v e n t r i c l e  i s  known as  muscular subaor t i c  s t e n o s i s .  
The d iagnos is  of t h i s  condi t ion  i n  asymptomatic p a t i e n t s  who p r e s e n t  
with a c a r d i a c  murmur, may be d i f f i c u l t .  Since t h e  d i s e a s e  i n  
i t s  earliest  form is  a v a r i a b l e  one, i.e., an obs t ruc t ion  p resen t  
a t  one t i m e  and absent  a t  another t i m e ,  it is  necessary t o  develop 
techniques f o r  s tudying t h i s  d i sease  which a r e  atraumatic.  I n  
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addi t ion,  once therapy i s  begun, l e f t  h e a r t  c a t h e t e r i z a t i o n  
cannot be done a t  very f requent  i n t e r v a l s  t o  determine t h e  effects 
of therapy. U l t r a son ic  techniques have been appl ied t o  fol low 
these  p a t i e n t s  and t h e i r  degree of l e f t  v e n t r i c u l a r  outf low 
obs t ruc t ion .  Severa l  s p e c i f i c  s i g n s  of outf low obs t ruc t ion  a r e  
observed u t i l i z i n g  u l t r a s o n i c  techniques,  An abnormal a n t e r i o r  
displacement of  t h e  mi t r a l  annulus during s y s t o l e  occurs  and i n  
some c a s e s  a c t u a l  c o n t a c t  between t h i s  s t r u c t u r e  and t h e  
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i n t e r v e n t r i c u l a r  septum occurs.  For t h i s  reason, these 
abnormali t ies  i n d i c a t e  obs t ruc t ive  outf low t r a c t  d i sease  of t h e  
l e f t  v e n t r i c l e -  A series of 25 p a t i e n t s  have been s tud ied  and 
c o r r e l a t i o n  between obs t ruc t ion  and t h e  changes on u l t rasound have 
been exce l len t .  Outflow t r a c t  obs t ruc t ion  was determined during 
t h e  course of ca rd iac  c a t h e t e r i z a t i o n  during which t i m e  u l t r a s o n i c  
measurements w e r e  a l s o  being made simultaneously.  This  technique 
is  be ing  widely adapted f o r  use i n  c l i n i c a l  diagnosis  throughout 
t h e  country. 
I n  order  t o  e s t ima te  the  degree of m i t r a l  r egurg i t a t ion  or 
a o r t i c  r egurg i t a t ion  u t i l i z i n g  u l t r a s o n i c  techniques,  it is 
e s s e n t i a l  t h a t  there be a comparison between the  volume of 
r egurg i t a t ion  determined by angiography and t h e  u l t r a s o n i c  techniques.  
During the  p a s t  four  months such a s tudy has been i n i t i a t e d  for 
study of v e n t r i c u l a r  volume by angiography and a comparison of t h i s  
ven t r i cu la r  volume a t  end-systole and end-diastole  w i t h  t h a t  
determined by u l t rasound,  
Prel iminary ind ica t ions  suggest  t h a t  there w i l l  be a genera l  
, approximation between the  degree of r egurg i t a t ion  determined by 
these two methods and t h a t  t h e  a t raumatic  u l t r a son ic  method may 
Fourteen such p a t i e n t s  have been s tudied .  
have w i d e  app l i ca t ion  f o r  p a t i e n t  study. These s t u d i e s  have j u s t  
been i n i t i a t e d  and t h e i r  cont inua t ion  during t h e  next  two years  
should answer these  quest ions,  It i s  our purpose t o  provide a more 
meaningful i n t e r p r e t a t i o n  of t h e  u l t r a s o n i c  t r ac ings  obtained i n  a l l  
types of p a t i e n t s .  It is  w i t h  these  var ious  kinds of comparisons 
i n  mind, t h a t  angiographic s t u d i e s  w e r e  i n i t i a t e d .  
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11, Pressure Transducer Tes t ing  
During t h e  i n i t i a l  year of t h e  p re sen t  gran t ,  a s m a l l  
micropressure t ransducer  developed a t  t h e  Ames Research Laboratory 
became a v a i l a b l e  f o r  s tudy i n  man. T h i s  model t ransducer  has been 
ex tens ive ly  s t u d i e d  i n  animals and found t o  be extremely s e n s i t i v e  
and t o  g ive  reliable pressures .  During the  p a s t  year, human s t u d i e s  
have been c a r r i e d  o u t  u t i l i z i n g  t h i s  t ransducer .  It has been 
compared w i t h  standard t ransducer  techniques for recording p res su re  
i n  a l l  chambers of t h e  heart and i n  t h e  aor ta ,  and pulmonary a r t e r y .  
High frequency components a re  recorded without  d i f f i c u l t y .  For t h e  
purpose of determining t h e  r a t e  of p re s su re  rise i n  a chamber, t h e  
micro t ransducer  system placed a t  the  end of a c a t h e t e r  is  e s s e n t i a l .  
The AMES Research cen te r  t ransducer  has proved t o  be r e l i a b l e  i n  
every way. Its c a t h e t e r  mounting has presented s e v e r a l  problems and 
during t h e  p a s t  s i x  months modif icat ions have been made which allow 
t h e  use of t h i s  c a t h e t e r  f o r  repeated pressure  measurements i n  man. 
This r ep resen t s  a major advance f o r  p re s su re  measurement and should 
prove u s e f u l  for doing s t u d i e s  on dynamic geometry of v e n t r i c u l a r  
con t r ac t ion  i n  p a t i e n t s  undergoing c a r d i a c  c a t h e t e r i z a t i o n .  Tes t ing  
of t h i s  t ransducer  system w i l l  be c a r r i e d  o u t  i n  t h e  Coronary Care 
I 
Unit on a long t e r m  b a s i s  during t h e  coming year.  
111. F ibe rop t i c s  S tudies  
During the  p a s t  year,  it has been poss ib l e  t o  adapt 
t h e  use of a f i b e r o p t i c  c a t h e t e r  and r a t i o  recorder  as a densitometer 
f o r  s t u d i e s  i n  man. Cardiac ou tpu t  can be determined without t h e  
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withdrawal of blood as  t h e  bolus  of dye i n  t h e  a r t e r i a l  blood 
stream passes  t h e  t i p  of t h e  f i b e r o p t i c s  c a t h e t e r  ~ and s tandard  
densitometer type curve can be obtained. The a rea  under t h i s  
curve can be in t ega ted  and ca rd iac  output  determined i n  a 
r e l i a b l e  manner. This  technique was used t o  record  ca rd iac  
output  i n  15 p a t i e n t s  i n  t h e  Coronary Care Unit a t  S tanford  
.~ 
during t h e  p a s t  year .  It i s  a n t i c i p a t e d  t h a t  t hese  indwelling 
c a t h e t e r s  w i l l  be used i n  t h e  Coronary Care Unit  f o r  monitoring 
oxygen s a t u r a t i o n  i n  a r t e r i a l  blood and f o r  determining c a r d i a c  
output  by t h e  indocyanine green method. I n  t h e  next  two years ,  
these  techniques w i l l  be adapted t o  a computer f o r  r ap id  p r i n t o u t  
of t h e  ca rd iac  output  i n  p a t i e n t s  i n  our Coronary Care Unit. 
IV.  Dynamic Geometry of t h e  Human L e f t  Ven t r i c l e  
During t h e  p a s t  year ,  volume angiography s t u d i e s  f o r  
measuring v e n t r i c u l a r  volume and f o r  determining changes i n  the  
geometry of con t r ac t ion  of t h e  l e f t  v e n t r i c l e  have been c a r r i e d  
ou t  i n  2 5  p a t i e n t s .  Much of t h e  d a t a  from t h e s e  s t u d i e s  has no t  
been f u l l y  analyzed. The purpose of t h e  s t u d i e s  was t o  determine 
’ whether o r  no t  myocardial i n f a r c t i o n  and coronary a r t e r y  d i sease  
a l t e r  t h e  p a t t e r n s  of v e n t r i c u l a r  cont rac t ion .  It  is w e l l  known 
t h a t  q u a l i t a t i v e  changes do occur b u t  t h e  techniques devised under 
t h i s  p ro toco l  a r e  f o r  determining whether or no t  they can g ive  
meaningful information regarding t h e  funct ion of  t h e  v e n t r i c l e .  
I f  it is  poss ib l e  t o  q u a n t i t a t e  t h e  s p e c i f i c  changes i n  v e n t r i c u l a r  
func t ion  with t h e  prognosis from the  d isease ,  it should be 
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p o s s i b l e  t o  design s u r g i c a l  therapy f o r  removal of segments which 
do not  func t ion  properly.  For t h i s  reason, it is essent ia l  t h a t  
these s t u d i e s  cont inue i n  a l a r g e  number of p a t i e n t s .  
c 
I t  should a l s o  b e  p o s s i b l e  t o  determine t h e  
mechanisms by which t h e  abnormal v e n t r i c l e  compensates f o r  i t s  
s t r u c t u r a l  defects, The e j e c t i o n  f r a c t i o n  which r ep resen t s  t h e  
d i f f e r e n c e  between the  end-d ias to l ic  volume and t h e  end-sys to l ic  
volume of t h e  l e f t  v e n t r i c l e  has been demonstrated t o  be a 
r e l i a b l e  i n d i c a t o r  of abnormal performance. Work of t h i s  type 
has been c a r r i e d  o u t  during t h e  p a s t  year  and i t  appears t h a t  
a d i f f e r e n t  p a t t e r n  of con t r ac t ion  has developed i n  some abnormal 
v e n t r i c l e s  i n  order  t o  compensate f o r  an increase  i n  diameter of t h e  
chamber and f o r  an overal l  increase  i n  t h e  wal l  t ens ion  necessary 
t o  develop a given pressure.  This becomes p a r t i c u l a r l y  important 
i n  studying p a t i e n t s  with coronary a r t e r y  d i sease  s i n c e  t h e i r  
major l i m i t a t i o n  i s  i n  t h e  d e l i v e r y  of myocardial oxygen needed 
t o  m e e t  c e r t a i n  stresses. During t h e  next  year ,  it i s  our hope t o  
study 40 o r  50 p a t i e n t s  with abnormal dynamic geometry of t h e  l e f t  
I 
v e n t r i c l e  and to  r e l a t e  t h e  changes i n  l e f t  v e n t r i c u l a r  con t r ac t ion  
t o  t h e  p a t i e n t s '  u l t i m a t e  prognosis and t o  search  f o r  therapy f o r  
t h e i r  coronary a r t e r y  d i sease ,  I n  addi t ion;  numbers of t hese  
p a t i e n t s  w i l l  be t r e a t e d  with s p e c i f i c  drugs and subjec ted  t o  
s p e c i f i c  stresses. It is  a n t i c i p a t e d  t h a t  an eva lua t ion  of the 
dynamic geometry of l e f t  v e n t r i c u l a r  con t r ac t ion  w i l l  be of some 
b e n e f i t  i n  determining t h e  u l t i m a t e  response t o  drugs and t o  
stresses. 
C. Proposed S tud ie s  of 1970-1971 - 
I n  each s e c t i o n  presented above, proposed s t u d i e s  i n  s p e c i f i c  
areas  which w i l l  be continued during t h e  coming year  we're ou t l ined ,  
I n  many instances,  more s t u d i e s  w e r e  requi red  t o  answer t h e  
o r i g i n a l  ques t ions  asked and i n  o t h e r s  add i t iona l  ques t ions  have 
been r a i s e d  by t h e  i n i t i a l  s t u d i e s ,  These include: 
1. A c r i t i c a l  eva lua t ion  of t h e  angle of t h e  t ransducer  f o r  
sound wave i n  t h e  u l t r a s o n i c  techniques f o r  eva lua t ing  v e n t r i c u l a r  
funct ion.  I t  is  a n t i c i p a t e d  t h a t  a t ransducer  holder  which can 
be moved about t h e  c h e s t  and which can be loca ted  by angles on a 
- 
three-dimensional model w i l l  be developed. This should allow a 
more s tandard ized  placement of t h e  ul t rasound t ransducer  and a 
more p r e c i s e . d e f i n i t i o n  of v e n t r i c u l a r  dimension measurement i n  t h e  
fu tu re .  Work i n  t h i s  a r ea  has been begun and w i l l  continue.  Work 
w i l l  p r imar i ly  be c a r r i e d  o u t  a t  t h e  AMES Research Center and i n  
cooperation with Smith-Kline Instrument Company who makes t h e  
I 
s tandard  commercially adaptable  u l t rasound machine t h a t  we use .  
2 .  The u l t rasound Doppler technique f o r  measuring pe r iphe ra l  
blood flow w i l l  be i n s t i t u t e d  i n  t h e  Coronary Care Unit. The 
eva lua t ion  of t h i s  instrument f o r  t h e  purpose of determing 
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per iphe ra l  blood flow t o  t h e  s k e l e t a l  muscles during var ious  
s i t u a t i o n s  w i l l  be assessed. It is important to know whether t h i s  
pe r iphe ra l  blood flow is a l t e r e d  by myocardial i n f a r c t i o n  which 
damages l e f t  v e n t r i c u l a r  performance. This  w i l l  be t h e  f i r s t  
problem which is  assessed. The o v e r a l l  ca rd iac  output  w i l l  be 
- 
determined by t h e  f i b e r o p t i c s  densitometer method and t h e  degree 
or change i n  p e r i p h e r a l  flow w i l l  be determined by t h e  u l t rasound 
Doppler technique. T h i s  should provide i n t e r e s t i n g  observat ions 
on t h e  d i s t r i b u t i o n  of  pe r iphe ra l  blood flow under a v a r i e t y  of 
stresses. 
3 .  Volume Angiography - Experiments determine w h e t h e r  or not  
coronary a r t e r y  d i s e a s e  without myocardial i n f a r c t i o n  a l t e r s  t h e  
dynamic geometry of t h e  l e f t  v e n t r i c l e  w i l l  be c a r r i e d  out .  I t  is  
a n t i c i p a t e d  t h a t  50 or  so p a t i e n t s  w i l l  be requi red  f o r  t h i s  
study. (See Sec t ion  B ) .  
4. It is a n t i c i p a t e d  t h a t  a comparison between s t r o k e  volume 
determination and t h e  movement of t h e  p o s t e r i o r  w a l l  by u l t rasound 
I techniques w i l l  be made. Perhaps it w i l l  be e a s i e r  t o  record 
p o s t e r i o r  wa l l  movement continuously on a s t r i p  c h a r t  recorder  and 
t o  fol low continuously t h i s  measurement a s  a r e f l e c t i o n  of 
v e n t r i c u l a r  performance. A comparison of both t h e  s t r o k e  volume 
and movement of t h e  p o s t e r i o r  wal l  w i l l  be made with o the r  i n d i r e c t  
methods f o r  assess ing  t h e  c i r c u l a t i o n .  I n  p a r t i c u l a r ,  t h e  e j e c t i o n  
t i m e  has been used as an i n d i r e c t  means for assess ing  v e n t r i c u l a r  
performance. 
v e n t r i c u l a r  performance wi th  t h i s  i n d i r e c t  method during t h e  coming 
yea r  
W e  w i l l  compare t h e  u l t r a s o n i c  techniques for assess ing  
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Most of t hese  s tud ie s  w i l l  r equ i r e  more than one year  f o r  
t h e i r  completion, Their i n i t i a t i o n  w i l l  be made during mid 1970 and 
it is an t i c ipa t ed  t h a t  they w i l l  be f in i shed  i n  1972 and 73. 
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